Abstract. the utility of ceA and cA19-9 as colorectal carcinoma (crc) markers is limited and development of additional reliable markers is under investigation. We previously showed that galectin-1 is overexpressed in crc tissues. If such a protein leaks into the peripheral circulation, it might constitute a tumor marker candidate. Here, we test the hypothesis that the levels of circulating galectins could reflect the presence of crc and/or its progression state. We constructed sandwich elIsAs for galectin-1/-2/-3/-4/-7 and determined their plasma concentrations in 105 crc patients and 100 healthy volunteers (control). Matched pair samples of 56 patients pre-and post-surgery were also subjected to elIsA analysis. circulating levels of galectin-1/-3/-4 in crc patients were significantly higher compared to those in controls. Galectin-1 and galectin-4 levels significantly decreased after surgery (p<0.01), and the level of galectin-4 in most patients fell below the cut-off value. the levels of circulating galectin-4 significantly increased as the tumor stage progressed (P<0.001), whereas those for galectin-1 were relatively high from an early stage. combined use of galectin-4 with ceA and/or cA19-9 markedly increased the proportion of crc patients who were positive for tumor markers (from 33.3 to 59.0% for ceA and from 17
Introduction
Colorectal cancer (CRC) is a significant cause of morbidity and mortality worldwide. Incidence and mortality rates are increasing in many countries along with changes in diet, such as increasing consumption of high-fat foods. In crc, carcinoembryonic antigen (ceA) and carbohydrate antigen 19-9 (cA19-9) have been used as tumor markers. In early stage crc, their expression levels are too low to be used as 'screening' markers. However, they are used as reliable crc markers, monitoring tumor progression, for follow-up after surgery and for evaluation of ongoing treatments such as chemotherapy and radiation therapy (here, we term this type of marker as a 'tumor progression' marker). the American society for clinical oncology has recommended the use of ceA as a marker for crc follow-up (1) and the Us Food and Drug Administration has also approved it as a crc marker (2). In addition to ceA, clinical usage of cA19-9 has been approved by the Japanese Ministry of Health, labor and Welfare for insurance coverage. In most crc patients for whom ceA or cA19-9 can be used, these marker values show resectability or clinical response, decreasing after curative surgery and increasing when tumor recurrence or metastasis occurs (3) . consequently, these antigens are indispensable tumor progression markers for crc follow-up. However, a significant number of CRC patients do not show increases in these maker values. Furthermore, elevated levels sometimes result from factors other than the tumor. thus, it is important to develop additional complementary markers to achieve more comprehensive follow-up of the tumor, as well as one or more screening markers.
Great efforts have been dedicated to the identification of sensitive and specific CRC markers (4) . Still, no screening marker and only ceA and cA19-9 as tumor progression markers have been clinically used in crc, even though many marker candidates have been reported. to identify potential crc markers, we previously performed a quantitative proteomic analysis of human colon tissue samples, using the NBS (2-nitrobenzenesulfenyl) method (5) , and identified many proteins that were differentially expressed between crc tissues and non-cancer tissues (6) . Among them, six proteins including galectin-1 were confirmed by IHC staining to be specifically elevated in cancer tissue (6) . If a protein overexpressed in cancer tissue leaks into the peripheral circulation, it might be a tumor marker candidate. We focused on galectin-1 first, because it is mainly localized in extracellular spaces around cancer cells, in both early and advanced stages, and might be expected to easily leak into blood.
galectins are a family of animal lectins that bind to β-galactosides through conserved carbohydrate recognition domains (crD) (7) . to date, 15 mammalian galectins have been identified and characterized. They are expressed both inside and outside cells and play important roles in a variety of cellular biological processes (8) (9) (10) (11) , including various stages of tumor progression and/or malignancy (12, 13) . galectin-1, galectin-3, and galectin-4 appear to be involved in the early development of human colon carcinoma (14) and the malignant transformation of the tumor (15) . especially, galectin-1 and galectin-3 play a role in the regulation of cell migration (16). In addition, the level of plasma galectin-1 is significantly up-regulated in patients with head and neck carcinomas compared to that found in healthy volunteers, and it is significantly decreased after therapeutic treatment (17) . galectin-7 plays positive and negative roles as a regulator of tumor progression, depending on the histological type of the tumor (18). galectin-8 expression correlates negatively with the development of colon cancer malignancy and this protein is believed to suppress cancer cell migration (19) . based on our previous studies (6) and other reports described above, we hypothesized that quantitating the level of circulating galectin proteins could provide valuable insight into the presence of cancers and the state of their progression. therefore, we developed an elIsA measurement system for galectin proteins and measured the plasma levels to validate the use of galectins as crc markers.
Materials and methods
Clinical data. clinical information pertaining to the plasma samples used in this study is summarized in table I. blood samples (20 ml) were taken twice from 105 crc patients by venipuncture before intervention on the day of surgery (pre-surgical samples). post-surgical blood samples were taken from 56 patients two weeks following surgery. the plasma levels of biomarkers for inflammatory responses in post-surgical samples, such as c-reactive protein and white blood cells, were confirmed to be within normal ranges. For control samples, we obtained 100 blood samples from healthy donors whose plasma levels of all six tumor makers (ceA, cA19-9, scc, AFp, cA125, plus psA for males and cA15-3 for females) were within normal ranges. Healthy individuals were confirmed to be free from any malignancies for at least two years following the day of venipuncture. plasma was prepared by centrifugation of peripheral blood at 2,500 rpm for 25 min and stored at -80˚C until use.
In this study, both genders and their stages (based on UICC TNM Classification of Malignant Tumors) (20) were representative of the general population of crc patients. they included 63 (60.0%) males and 42 (40.0%) females and their mean age was 63.5 years old, ranging from 28 to 88. the pathological stages of crc patients were as follows: stage 0 (n=6, 5.7%), stage I (n=28, 26.7%), stage II (n=25, 23.8%), stage III (n=27, 25.7%), and stage IV (n=19, 18.1%). their curability of the surgical treatment were classified into cure A (n=86, 81.9%), cure b (n=8, 7.6%) and cure c (n=11, 10.5%). this study was approved by the Institutional review board of osaka University, and informed consent was obtained from each patient.
Sandwich ELISA construction and measurement of galectin family proteins. Microtiter plates used for elIsA were prepared by using the IMMUno-tek elIsA construction system (ZeptoMetrix, buffalo, ny) according to the manufacturer's protocol. All 96 wells of the transparent plates (Maxisorp) were coated with 100 µl of a capture antibody at the concentration of 5 µg/ml. each plasma sample was diluted to 10 or 20% in tbst buffer (20 mM tris-Hcl (pH 7.4), 400 mM nacl, 0.1% tween-20), or further diluted when the concentration of the target protein was much higher. these diluted plasma samples as well as a dilution series of standard proteins were added to the plate wells (100 µl/well) and incubated for 1 h at room temperature. After washing the wells with tbst six times, 100 µl of detection antibodies diluted in tbst were added and incubated for 1 h at room temperature. After washing the wells with tbst six times, either alkaline phosphatase (Alp) substrate or horseradish peroxidase (Hrp) chromogene was added to detect the target protein.
Purified proteins and antibodies used for ELISA are listed in table II. For the detection of galectin-1, the detection antibody was conjugated with Alp, and colorimetric Alp ELISA for CEA and CA19-9. plasma concentrations of ceA were measured by the Unicel DxI (beckman coulter, brea, cA) using a commercially available elIsA kit ('Access ceA'; Wako pure chemical Industries, osaka, Japan). those of cA19-9 were measured by spherelight 180 (olympus, tokyo, Japan) using a commercially available elIsA kit ('spherelight cA19-9'; Wako pure chemical Industries). cut-off limits were employed from the manufacturer's instructions (ceA: 5 ng/ml, cA19-9: 37 U/ml), and the samples with concentrations higher than these limits were judged to be positive.
Data analysis. plasma concentrations of each target protein were compared among tnM-classified stages or other categorical groups, and the significance of differences was tested by various non-parametric methods such as the Mann-Whitney test, the kruskall-Wallis with Dunn's post test, and the Wilcoxon matched pairs test. spearman rank correlation test was performed to evaluate the correlation between tumor stages and plasma galectin concentrations. A receiver-operating characteristic (roc) curve was plotted to determine the cut-off value for each galectin. All statistical analyses and graphical drawings were performed using JMp software version 8 (sAs Institute, cary, nc), except for the kruskall-Wallis with Dunn's post test (prism 5 for Windows; graphpad software, san Diego, cA). All the tests were twotailed and their significance levels (α) were set at p<0.05.
Immunohistochemical staining of galectin-1 and galectin-4.
Detailed procedures for immunohistochemical (IHc) staining were described previously (6) . the following antibodies were used: for primary antibodies, rabbit anti-human galectin-1 polyclonal antibody (Abcam, cambridge, Uk) and goat anti-human galectin-4 polyclonal antibody (r&D systems); for secondary antibodies, biotinylated sheep anti-rabbit Igg (nichirei, tokyo, Japan) for galectin-1 and biotinylated rabbit anti-goat Igg (Vector laboratories, burlingame, cA) for galectin-4. For negative control, the serial sections were tested using pre-immune rabbit (or goat) serum instead of each primary antibody. tissue sections of crc, which were found strongly positive in our previous study (6) , were prepared as positive controls. All staining results were evaluated by a pathologist who was not given sample identities. For each IHc analysis, the mean intensity of the staining of tumor cells or stromal cells was evaluated in comparison with the positive controls as either weak, moderate, or strong. (r&D systems), (r&D systems), (r&D systems), (r&D systems), 0.5 µg/ml 0.5 µg/ml 0.1 µg/ml 0.2 µg/ml 0.5 µg/ml
Purified proteins were used for calibration standards. Capture antibodies and detection antibodies were used at the concentration shown as above. Detection antibodies were conjugated with either alkaline phosphatase 'Alkaline phosphatase labeling kit-nH2', Dojindo Molecular technologies, kumamoto, Japan), or horseradish peroxidase ('peroxidase labeling kit-sH', Dojindo Molecular technologies) according to the kit procedure.
Results
Validation of ELISA system constructed and used in this study. to measure the concentration of each galectin in human plasma specimens, we constructed a specific sandwich ELISA for each of the five galectins (galectin-1/-2/-3/-4/-7), for which both antibodies and purified proteins were commercially available. For all the galectins tested, elIsA systems were constructed and the standard curves were fitted from the measurement of serial dilutions of each recombinant galectin protein. The fitted ranges were as follows: 3.13-100 ng/ml for galectin-1, 0.0313-4.00 ng/ml for galectin-2, 0.156-20.0 ng/ml for galectin-3, 0.0313-1.00 ng/ml for galectin-4, and 0.625-80.0 ng/ml for galectin-7 (data not shown). plasma samples were diluted before measurement so that the measured values fell within the above ranges. In this study, the detection limit of each elIsA was set to 'the mean value plus twice the sD value' of multiple blank (>5 wells) measurements: galectin-1, 2.91 ng/ml; galectin-2, 0.0144 ng/ml; galectin-3, 0.354 ng/ml; galectin-4, 0.00362 ng/ml; galectin-7, 0.155 ng/ml. If a measured value was under each 'detection limit', the value was then defined as '0'. All the CVs of intra-assays and interassays were within 7.80% and within 18.9%, respectively (data not shown). thus, reproducibility of our elIsA system was acceptable. recovery rates from spiked samples were between 84.4 ad 108%, whereas cross-reactivities for the other galectin family proteins were all within 1.37% (table III) . these results demonstrate that the elIsA system for each galectin family protein was accurate and specific.
Comparison of plasma galectin concentrations from CRC patients and healthy volunteers. concentrations of galectin family proteins (galectin-1/-2/-3/-4/-7) in plasma samples from 105 crc patients and 100 healthy volunteers (control) were determined by sandwich elIsA constructed and validated as mentioned above. We found that plasma concentrations for galectin-1/-3/-4 were significantly increased (P=0.0001, p=0.0003, and p<0.0001, respectively) in the crc patient group compared to the healthy control group (Fig. 1) , while there was no significant difference between the two groups for galectin-2 and -7 (data not shown). More detailed analyses were performed for galectin-1/-3/-4 as the plasma levels were significantly different between healthy controls and crc patients.
Relationship between TNM classification and plasma galectin concentrations. CRC patients were classified by their tumor stage into three groups (stage 0, stages I and II, and stages III and IV) and we compared the plasma concentrations among the groups, including a healthy control group. statistical analysis revealed that significant differences among the groups were present for all three galectins (p<0.01; kruskal-Wallis test, data not shown). post-hoc analysis (Dunn's post test) was performed to find paired groups with significant differences. Although significant differences were not observed between the control group and the stage 0 group for any of the galectins, the medians of stage 0 were higher than those of the control for all three galectins (Fig. 2) . In addition, all three galectin levels in stage I-II and stage III-IV groups were significantly higher (P<0.05) than those in the control group. Median and both quartiles of galectin-4 levels were elevated as the tumor stage progressed (Fig. 2c ), while such a clear relationship for galectin-1 and galectin-3 was not observed ( Fig. 2A and B) . In fact, there was a significant correlation between galectin-4 levels and tumor stage (spearman's rank correlation test: r=0.344, p=0.0009). because the levels of a 
For spike recovery tests, plasma samples were spiked with known quantities of the corresponding recombinant human galectin protein. the recovery rate was the mean value of three sample measurements, where each recovery rate was calculated by comparing the observed value with the expected concentrations (A). For cross-reactivity tests, the other recombinant human galectins were diluted and directly tested in the elIsA system. the extent of cross-reactivity was determined by dividing the observed value by the applied protein concentration (b). n.a., not applicable. Figure 2 . comparison of the plasma galectin levels in crc patients across tumor stages. plasma concentrations for three groups of crc patients as well as those for healthy controls are plotted for galectin-1 (A), galectin-3 (B), and galectin-4 (C). The Kruskall-Wallis test was performed to find a significant difference across the four groups. P-values of two particular groups were calculated by Dunn's post test. Only pairs with significant differences are indicated. bar graphs are drawn as in Fig. 1 . For galectin-1, the median and interquartile ranges of healthy controls were 236.7 ng/ml and 199.3-285.9 ng/ml, and those of crc patients were 277.7 ng/ml and 224.6-392.4 ng/ml. For galectin-3, the median and interquartile ranges of healthy controls were 7.16 ng/ml and 5.940-9.069 ng/ml and those of crc patients were 8.31 ng/ml and 6.897-10.88 ng/ml. For galectin-4, the median and interquartile ranges of healthy controls were 0.271 ng/ml and 0.1082-0.3952 ng/ml and those of crc patients were 0.494 ng/ml and 0.3212-0.8226 ng/ml. p-values indicating the significance of difference between controls and CRC patients were calculated by the Mann-Whitney test and are represented by the number of asterisks: ***p<0.001, **p<0.01, *p<0.05. It should be noted that only the galectin-4 level was plotted exponentially along the y-axis.
'tumor progression' marker properly reflect the stage of the tumor, galectin-4 belongs to this type of marker.
Determination of cut-off values for CRC detection.
to determine the optimal cut-off value of each galectin for crc detection, a receiver-operating characteristic (roc) curve was drawn using plasma galectin levels of 105 crc patients and 100 healthy controls (Fig. 3) . For this purpose, the youden Index (21) was introduced and its maximum point was calculated. However, cut-off values directly selected by this method showed high sensitivity but low specificity (data not shown), which is unacceptable for clinical use. Therefore, we put emphasis more on specificity in determining cut-off values and chose the maximum point of the Youden Index with high specificity (>85%). Using this criterion, cut-off value for each galectin was set as follows: galecitin-1, 340 ng/ml with 90.0% specificity and 40.0% sensitivity; galectin-3, 10.7 ng/ml with 94.0% specificity and 26.7% sensitivity; and, galectin-4, 0.525 ng/ml with 90.0% specificity and 48.6% sensitivity. These values are appropriate for clinical use, because specificity at each of these cut-off values is similar to those for ceA or cA19-9 [for example, 90% for ceA, (18); 93% for cA19-9, (22)]. In this study, analyses hereafter were performed using these cut-off values.
Comparison of plasma galectin levels before and after surgery. next, we investigated the level of each galectin in plasma before and after curative resection of the tumor. samples of cure c patients were omitted, because they retained cancer after surgery and thus tumor marker values were expected not to decrease enough in post-surgical plasma.
Matched pair samples of the 50 patients with both cure A and cure b, whose plasma concentrations before surgery were higher than each cut-off value, were subjected to this analysis: 22 patients for galectin-1 (>340 ng/ml), 10 patients for galectin-3 (>10.7 ng/ml), and 20 patients for galectin-4 (>0.525 ng/ml). plasma levels of both galectin-1 and galectin-4 were significantly decreased (p<0.01) after surgery (median for galectin-1 from 429 to 387 and that for galectin-4 from 0.716 to 0.339), while the galectin-3 level was not altered (Fig. 4) . the changes in galectin-4 levels were prominent such that most (75.0%; 15/20) of the post-surgical values fell below the cut-off values. these properties are requisite characteristics of tumor progression markers. relationship between the proportion of positives and tumor stages in CRC patients. combining galectin-3 with galectin-1 or galectin-4 hardly increased the proportion of positives in crc patients (data not shown). taken together with the results in the preceding section, the clinical utility of galectin-1 or galectin-4 as a plasma crc marker is superior to that of galectin-3. therefore, we focused on the former two galectins as crc marker candidates and examined in detail the proportion of positives in crc patients. Here, crc patients were classified into two groups: those in a relatively early 'locoregional stage' including stages 0, I, and II and those in a relatively late 'metastatic stage' including stages III and IV. the proportion of galectin-1 positives at the locoregional stage was relatively high (44.1%; 26/59), but did not increase at the metastatic stage (34.8%; 16/46) ( Fig. 5A  and b) . High levels of positives at the early stage are advantageous for a 'screening' marker, the purpose of which is early detection of disease. on the other hand, the percentage of patients positive for galectin-4 increased along with the tumor stage progression ( Fig. 5c and D ; 39.0% (23/59) in the locoregional stage and 58.7% (27/46) in metastatic stage), as is the case with ceA or cA19-9 (Fig. 5) . Again, this property of galectin-4 is a characteristic of a tumor progression marker. Detailed studies strongly suggest that galectin-4 has the characteristics of a tumor progression marker (Figs. 2c, 4c and 5c and D). these results prompted us to examine the relationship between galectin-4 and typical crc tumor progression markers, ceA or cA19-9. ceA is a reliable crc marker used for follow-up. However, it unfortunately had a low percentage of positivity in crc patients: for example, in this study, 20.3% (12/59) in the locoregional stage and 50.0% (23/46) in the metastatic stage (Fig. 5c ). combined use with galectin-4 much improved this percentage to 47.5% (28/59) for the locoregional stage and 73.9% (34/46) for the metastatic stage (Fig. 5c) . such an improvement by galectin-4 was also observed for cA19-9; from 8.47% (5/59) to 42.4% (25/59) in the locoregional stage and from 28.3% (13/46) to 63.0% (29/46) in the metastatic stage (Fig. 5D) .
Galectin-4 CRC marker is complementary with

Localization of galectin-1 and galectin-4 in normal and tumor tissue.
Immunohistochemical staining was carried out to investigate the locations and expression patterns of galectin-1 and galectin-4 in crc tissues (Fig. 6 ). galectin-1 was primarily expressed in stromal cells, strongly in crc tissues and weakly in normal colonic tissues. In contrast, galectin-4 was strongly expressed in cancer cells and moderately in normal epithelial cells, while no positive staining was detected in stroma.
Discussion
In our previous proteomic analysis of crc tissue samples, galectin-1 was found to be a crc-associated protein, increasing its expression in crc tissues, a finding which was subsequently confirmed by IHc staining (6) . Many studies have reported that the galectin family of proteins (including galectin-1) were related to tumor progression (12) . therefore, we hypothesized that the levels of circulating galectins could reflect the presence of CRC and/or the state of its progression. We constructed an elIsA system to assess their potential as plasma crc markers. Among them, plasma levels of galectin-1 and galectin-4 were found to be significantly increased in CRC patients compared to healthy controls and their elevated levels significantly decreased after surgery. these results suggest that the levels of galectin-1 and galectin-4 in plasma reflect the presence of tumors or the reduction of tumor burden. that is, the plasma galectins are the consequence of cancer tissue leakage. In fact, elevated expression of galectin-1 in cancer tissue was previously confirmed by IHC staining (6) . We carried out IHC staining for galectin-4 as well and found that this was also the case: expression of galectin-4 was elevated in cancer tissue (Fig. 6b) . these observations are consistent with the previous report (14) .
All the results with galectin-4 presented in this study support the idea that galectin-4 has the characteristics of a 'tumor progression' marker, such as ceA or cA19-9. the expression pattern of galectin-4, found in cancer cells but not in stroma, is also the same as that of ceA. As mentioned above, ceA is an indispensible and quite reliable crc tumor progression marker which has been routinely used in clinical practice worldwide to follow up crc patients after surgery. However, ceA is not a marker universal to all crc patients, as it is not applicable when the marker value before surgery is equal to or lower than the cut-off value. In fact, only 44% of all crc patients were ceA positive and only 33-45% were positive even in stage III where the tumor stage is rather advanced (22) (23) (24) (25) . In Fig. 5 , we demonstrated that combined use of galectin-4 with ceA greatly increased the proportion of positive samples compared to the use of ceA alone. In addition, dual use of ceA and cA19-9 found that 36.2% of all crc patients were positive, but the proportion of positives improved up to 60.0% when three markers were used (ceA, cA19-9, and galectin-4; table IV). It is quite important for the level of a tumor progression marker to decrease below the cut-off value after curative resection of the tumor. In fact, this was the case for ceA in almost all crc patients (3). In the case of galectin-4, most (75.0%) of the patient plasma levels decreased below the cut-off value after surgery. these results demonstrate that galectin-4 has significant potential for use as a complementary crc marker together with ceA. Another prominent feature of galectin-4 is that a relatively high proportion of positives was found in crc patients even at early stages of disease ( Fig. 5c and D) . this fact leads us to postulate that utilization of galectin-4 marker could achieve early detection of recurrence/metastasis during post-surgical follow-up. on the other hand, galectin-1 has features advantageous for a screening marker, because it showed a high percentage of positives in early stages ( Fig. 5A and b) . evaluation of a potential screening marker needs far more samples and, in addition, demonstration of the tumor specificity is also requisite. therefore, galectin-1 should be considered a 'candidate' screening marker until additional evaluations are completed. nonetheless, our results with galectin-1 can be discussed further in terms of the relationship between marker type and localization/function. galectin-1 is expressed in stroma around cancer cells (6) (Fig. 6A ) and localizes mainly in the extracellular space. In addition, the expression level of galectin-1 is markedly elevated in early stages as well as in advanced stages, in contrast to those of galectin-4, ceA, and cA19-9 (data not shown). this pattern of expression and localization might make it easier for galectin-1 to reach the peripheral circulation and also for its plasma level to increase even in early stages of crc. galectin-1 expression appears to be involved in tumor cell escape from immune responses (25) (26) (27) (28) . considering that plasma galectin-1 levels were elevated from early stages of crc, it is possible that galectin-1 has some relevance to tumor maintenance. recent evidence suggests that the interaction between tumor cells and surrounding stroma plays a critical role in tumor growth, invasion, metastasis, angiogenesis, and chemoresistance (29) (30) (31) (32) (33) (34) . It has been shown that galectin-1 regulates cell migration and that galectin-1 binding sites are displayed on cell surfaces in most colon cancer cell lines, while only one of them actually expresses galectin-1 (16) . taken together, galectin-1 expression by stroma may play a role in colon cancer cell migration via a paracrine mechanism.
It was also reported that changes occurring in tumor stroma correlate with disease outcome (35) . However, few tumor markers derived from stroma have been identified in the plasma. In this study, we demonstrated the possibility that galectin-1 from tumor stroma might be useful as a plasma screening marker. Focusing on tumor stroma as well as cancer cells could enhance the possibility of discovering novel biomarkers.
This report describes our unique and interesting findings that the two galectins are two different types of plasma markers: galectin-1 could be used as a possible screening marker while galectin-4 may be used as a tumor progression marker. In addition, localization of their expression in cancer tissues was found to be complementary: galectin-1 expression was essentially limited to the stroma, whereas galectin-4 was specifically expressed in cancer cells (Fig. 6 ). As for their relevance to tumorigenesis, galectin-1 enhances tumor progression, while galectin-4 represses it (12) . biochemically, they bind and gather substrates with two 'hands' of carbohydrate recognition domains (crDs), but they differ in their crDs and their composition: galectin-1 with one crD functions as a homodimer while galectin-4 functions as a monomer with two distinct crDs (12) . taken together, the mechanisms by which the two galectins function seem to be quite similar, but their functions and nature of the markers are quite different. We speculate that these differences arise from differences in their localization and/or their interaction partners. It is important to define these issues to more fully understand these important crc marker proteins.
In this study, we focused on the evaluation of the galectin family of proteins with regard to their possible application as plasma markers. these proteins might be targets for therapeutic interventon, a subject which will be examined in the future. 59.0 cA19-9 + galectin-4 51.4 ceA + cA19-9 + galectin-4 60.0
In multi-marker detection, patients who had a marker value larger than the cut-off value in either marker were judged as positives.
